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Project Overview

Timeline SEEIES

* Project startdate : FY16 « Bring technologies to market
* Project end date : FY18 faster
« Percent complete : 60% * Integrate a diverse set of

simulation tools
» Accelerate technology evaluation

Budget Partners

« FY16 Funding : $600K * Feedbacks from current Autonomie

« FY17 Funding : $600K users (>200 institutions)

» Specific discussions with few
OEMs including Ford & GM
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Project Relevance

As Mobility becomes Smarter, our Tools have to become Smarter.

= The increased number of vehicle technology options (powertrains,
components...) requires an increasingly large number of simulations

* The rise of connectivity and automation requires a new system
approach including multiple vehicles operating in their environments

= Existing vehicle system simulation tool have focused on individual
vehicles while transportation system simulation tools have not
considered vehicle energy

= A new approach is required to continue to support DOE VTO R&D
activities (l.e., Smart Mobility, technology benefit analysis...) and the
system modeling community.
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Project Relevance

The Existing Autonomie Workflow is Single Vehicle Focused

» Highly successful workflow when customizing a single vehicle.
— All aspects of the vehicle can be easily modified through the User Interface

= Great for small scale studies involving 10 or 20 vehicles
= Not capable to handle large scale studies or Smart Mobility workflows

Vehicle definition Process Selection Automated buildin Indiv. Simu. Analysis
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Existing Tool (Autonomie) - Current Workflow Focused on Few Individual Vehicles
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Project Relevance

AMBER Satisfies the Critical Need to Integrate Existing Tools into
Coherent Workflows to Tackle the HPC Studies of Tomorrow

» Workflow Spectrum: simulation of individual components to large metropolitan
areas.

= New Workflows require Large Scale Simulations (HPC)
— NHTSA study requires 100,000s of vehicles

— Smart Mobility simulations over metropolitan areas require simulation over
1,000,000 of cycles

— Smart Mobility requires linking tools such as POLARIS (EEMS014) with
vehicle modeling tools such as Autonomie (VAN023)

= OEMS need to manage and simulate vehicle calibrations across a wide range of
MBSE workflows from single vehicle to large scale

» New Workflow Supports Industry’s R&D Direction
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New Workflow Supports industry’s R&D Direction

Specific
Process Selection ) Run Process - Post-processing

Users: select n vehicles on Select 10 vehicles on 10
run cycles, change cycles with control

parameters, import test parameter optimization on
data... HPC

Individual vehicle
analysis
Database analysis for

large scale simulations
No analysis (i.e., test
data import)

Developers: Build new Import APRF test data
vehicle, build new process, Vehicle powertrain sizing to
import new test data format, match performance

setup HPC...
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Project Milestones

Alpha First public
release release
Activities Q1 Q2 \\ Q3 c%

Framework and deployment

Multi-simulation Workflow I

Vehicle Editor Workflow
Smart Mobility Workflow
Model Import Workflow

Data Analysis Workflow

Polaris Workflow

I
—
_
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Approach

Integrate Existing & Develop New EEMS Processes into AMBER

AM B E R Advanced Model Based Engineering Resource

AMBER

Energy, Cost

& GHG Impact of
SMART

Mobility -
Transportation
System Simulation

Energy —
Single Vehicle

Energy —
Multi-Vehicle

Autonomie

New Simulink
Framework
(RoadRunner)

[ Currently implemented / in Progress

- Future Vision

Run POLARIS
Executable

POLARIS / SVTrip /

Autonomie /
GREET

But each of these steps are multiple workflow as well...
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Approach

To Maximize Reusability and Collaboration between Researchers, Our
Vision is to Generalize ANY Workflow with AMBER

AM B E R Advanced Model Based Engineering Resource

(. POLARIS
. VISSIM
. MATSIM... g8

* POLK
 MA3T
 PARACHOICE

 Indiv Vehicle
)\ Assignment

Transportation
N P Fleet
SR Distribution
Simulation
i Currently implemented
I InProgress

Cost and
4 GHG Consumption
- GREET \
- MOVES A
« MOVES LITER 7
+ COPERT ° MOVES
« Autonomie  MOVES Lite
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Approach

AMBER will Allow Deployment of Existing Workflows and Separate

Users from Developers

Launch Examples of existing capabilities
Autonomie that cannot be released in the
current workflow
| - Examples of new capabilities
| under development that cannot
be released in the current
Developers Users Use workflow
Use Cases !. ..................... ECaseIS
Xxamples
New/Enhanced Examples ' P
Use Cases I
|
mport New ; J-
Model . — | - LN _EL_ I —_—
E—— )
: Run Few || o Run Large | [ Energy Run Multiple
I | Import Test | | Vehicles || o Number of Impact of Vehicles
( ; Data on Multiple | Vehicles Individual | Metropolitan [| Simultaneously
Create . Cycles |l Vehicles Areas (platooning)
New s
Powertrain l I
S .
\ - - Multi-
: ' | Individual Individual Database Jehicle
' i i Analysis . .
Lm e I ! Test SAmU:atl_On y Simulation
! " Analysis nalysis Analysis
B s s s o o o

=> New platform will enable dissemination of existing and new capabilities to the entire user

community as well as streamline Argonne internal processes
10
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Technical Accomplishments

A Multilayered Approach was Selected to Allow Different Levels of
Customization by Users

Developed a framework that will User’s can implement
allow users to integrate many /' their own custom Uls
diverse tools into workflows

The Ul interfaces are open allowing
users to plug their own custom Ul into
existing BL

Uls can be reused and combined
together by the framework layer

Users create their own scripts
and Workflows in Matlab using
the API to design their own
complex simulation logic on top of
existing work

Users can use our applications or

*Also follows industry best practices provide their own.
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Technical Accomplishments

Customizing the Workflow is Easy

E/Workflows are built from xml analogous to how we build vehicle models

= Steps in the xml correspond to tabs in the Ul
= Don’t need a step, just remove it from the xml

<1xml wersion="1.0" en ull-8" standalone="yes"?>

J4Process Runii thy 1 ita plevel="troa" i 4" Groop="Dzer" Mama="! ithsy
WVersio Aulunomie” Dale="2012-12-10T23:14:31.413074-06:00"
«Property Mame=")pplication® Val Foel Consmeption and Performanoe” />
<Fre ¥ey="select vehlcle” Name="select venicle" Fi ="select_vehlcle.a presteps =
«Editazy
«Compomesn "Amtancae. Core. Vehirlappl 1ration Edi tars. Vel eSelention. 1em* [
«Ceatral Clasa | it i ion.VehicleApplication.Bditors, VehicleSelect icleSelestion” /3
</Editor>

“grerwrite model” ¥llsiame="overwTite model a prestep™

iame= Core. 10at10n. Kd1tors Model¥ lelvervrite. INEsharebiodel ¥l lelverwrite” /3 #
e="Antomomic. Presentation. VehicleApplication, Bditors ModelPileDverwrite. MRSharedodel Pile0verwrite” [ "

—

—_—
Hame="overwrite Lile" £l

OVETWTILE T118.3 PTESTeD

"Antoncmia, Core. Vehiolalpplication.Editore. SystenFilelwerwrite. IMAShareSystenFilelvarwrita” />

e -
- N R - i PEEE
qConcrol Class Keme="Amtonomie,Presentation.VenicleApplication,Bditors, SystenFiledverwr]te MRSharesystenfileQverwrite” /> & yeEas )
¢/Editery ey e s e e v 3
[ Frey S e fremt. IO
<P "overwrite parameter” Name="overwrits parameter” "overwrite parameter.a_prestep™ Run Simulstions)
«Edicary
¢Componen Core VehicleApplication.Editors ite. write" [
dUpatral Class Name=vnt Presentation.\ 1oaticn. Editors. Yarameterivervryte MESharelarameter(veTWrite” /3
</Editory
£/ bredy
<Eri "select_process” Naze="sclect _process” "select_process.a_prestep™s
Fditary
Compon o ie Core, VehicleApplication. Bditors. B iun. TMRSh
4Ceatrol Class Name="Antonomie.Presentation.VehioleApplication.Editors. t
</Editury
4/ Brey
<Process Xey="pafP " Name="start vehicle simnlation” Filelisme="pufProcesshurdnltipleVenicles.a proces:
to]

<Edit
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Technical Accomplishments

A Diverse Set of Workflows to Support the DOE R&D in a Larger
Context

Users and Developer workflows separated into
e distinct categories

r= . . . . .
I % % % % E Mult%lluns

Smart Mobility Single Vehicle Run Change Parameters and Run Change Files and Run Change Files, Parameters and Run

| it ue o w
I Individual Vehicle Data Analysis Multi-Vehicle Database Analysis Single Cycle Procedure Multi Vehicle Environment 2 Cycle Procedure Vehicle Trip Profile Generation
B User Workflows

|
l
l
]
\—'Hm — e SRS T QAT RIS o el e
rDeveIoper \
I 3 Developer Workflows I
Configuration Builder Process Editor Vehicle Editor
\PrcﬁSeﬁ_—_—_—_—__—_—_—_—_—_—_—_—_—_—J

=} L]

= |
Setup HPC Setup File Versioning

Examples

Show MessageBox

Specific workflows to support specific projects

e i

Multiple Runs Vehicle Editor

Smart Mobility
For EEMS For VTO Benefi’ﬁéﬁ\nalysis For Component Technology Impacts 3
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Technical Accomplishments

For the Same Application, Different Workflows are Provided to Only
Show the Information N(Iage}ed

Select a Vehicle, Select a Cycle Workflow

oo - ® ox
Single Vehicle R

Simplest case, no change on any file or parameter

2} Selectn Pracess
Cycies Selected Frocesses Remove
Search:

28 UV Gasuine Atumalc Trans.

Run Simulation(s)

Rrady Amher [Debug) Hone (x64) v3NT 3298 DVAR NUM B
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Technical Accomplishments
The User Interface Adapts to the Task Complexity

Adaptive Ul: Modify Vehicle Parameters , Modify Vehicle
Files, Modify Vehicle Parameters and Files

e — Same objective (simulate

e e . ; — a vehicle), but we now
----------- | allow users to change
_______ e =| files or parameters

%,,L.“% et & ] = ! I
:’ e c’ K -

Simple Tasks Should Have Simple Uls 15 Argonne &




Technical Accomplishments

Running Large Studies with Autonomie is Now Possible

E/Multiple Run Workflow

M multiple Runs 3¢

Com 0 n # & : e
B . . = - Date\RunMumber\VehicleName\ProcessMame * Launch Simulati
* Add Model File Add System File Add Parameter Add Property = Set Auto Fill Changes: | Load template  Save Template uneh simuiations
&pl Change Path Change Unit Run 1 Run 2 Run 3 Run 4 Run5 Run & F
Vehicles | HEV Series Class | HEV Belt ISG Mid | HEV Belt ISG Mid | HEV Belt ISG Mid | HEV Belt ISG Mid | HEV Belt ISG Mid | HEV Cr
»5;:0'?|HEV | wehldnsctrl_au |1 Initialization drv_ctrl_PI_heavy | drv_ctrl_look_ahe | drv_ctrl_lock_ahe | drv_ctrl_lock_ahe | drv_ctrl_look_ahe | drv_ctrl_lock_ahe | drv_ctr
reh: |_|
SR YRR v— | L | veh'env'plant m |nitialization env_plant_comm | env_plant_comm | env_plant_comm | env_plant_comm | env_plant_comm | env_plant_comm | env_ple
E_‘IS |E:w:;:a::n amples " - vehwpcprop |ﬂ Initialization vpC_prop_ser_en | vpc_prop_par_1m | vpc_prop_par_1m | vpc_prop_par_1m | vpc_prop_par_1m | vpc_prop_par_1m | vpc_pn
=] 1 Heavy Duty --| weh'wpa'eng\plant 1] Initialization eng_plant_si_220 | eng_plant_gascli | eng_plant_gascli | eng_plant_gascli | eng_plant_gascli | eng_plant_gascli | eng_pl:
CEQ 8555 8 vehlwpalacemech'plant |1 Initialization h_plant_0 h_plant_0 h_plant_0 h_plant_0 h_plant_0 h_plant_0
=- Series Engine P
|_‘ HEV Series Class6 2wd Additional | vehwpaitcZiplant |ﬂ Initialization tc_plant_08
Light Duty | wvehwpa\pumphydraiplant |1 Initialization pumphydra_plant
2] Hilbl'id Electric Vehice | vehwpa\esshydra\plant 1] Initialization esshydra_plant_h
=[] Integrated Starter Generator S
h'wpalacchydra\plant 1] Initilizati acchydra_plant s
[} HEV Belt 15G Midsize Gasoline 6 entypolacehy sl ) Inifalization el
-] HEV Belt|SG Midsize Gasoline - vehwpaimothydraiplant [ Initialization maothydra_plant_h
] HEVBeltISG M?dS?ZE Gasolinzd | vehivpa\gbiplant [ Initializati gb_plant 4 au_3 | gb_plant_§_au gh_plant_6_dct | gb_plant_8_au gb_plant_8_dct | gb_plant ct 05 3 | gb_plar
] HEVBelt ISG Midsize G 8 | vehwpaigbictrivdmd 1] Initislization gb_ctrl_dmd_n_g | gb_ctrl_dmd_n_g | gb_ctrl_dmd_dct_ | gb_ctrl_dmd_n_g | gb_ctrl_dmd_dect_ | gb_ctrl_dmd_ct_e | gb_ctrl,
|_] HEV Belt ISG Midsize Gasoline G e —
|_‘ HEV Crank 156G Midsize Gazoline | wehlwpa'gblctrlitrs m Initialization gb_ctrl_trs_au_st | gb_ctrl_trs_su_pa | gb_ctrl_trs_dct_p | gb_ctrl_trs_asu_pa | gb_ctrl_trs_dct p | gb_ctrl_trs_ct_trg | gb_ctrl
|} HEVCrankISG Midsize Gasoline | wehlwpahwehdyn'chas\plant |1 Initialization chas_plant_%80_ | chas_plant_880_ | chas_plant_%%0_ | chas_plant 5%0_ | chas_plant_990_ | chas_plant_930_ | chas_p
idsi Ti P
5 e vehlvpavehdynifdipl 0 Initislization fd_plant 444 acc | fd_plant_247_057 | fd_plant 247_097 | fd_plant_247_097 | fd_plant_247_057 | fd_plant 247_07 | fd_plan
ran ids
[ HEVCrankISG Midsi " vehiwpavehdyniwhl\plant 1] Initialization whi_plant_0317_ | whi_plant_0317_ | whi_plant_0317_ | whi_plant_0317_ | whi_plant_0317_ | whi_plant_0317_ | whi_plz
E—:I-|_] Micro | wehwpa'tciplant m Initizlization tc_plant_08 tc_plant_25 tc_plant_25 tc_plant_25 tc_plant_25 tc_plant_25
1] HEVMicroHyoMidsize Gasaline vehivpaigenictr\dmd [ Initialization gen_ctrl_dmd_alt
|_] HEVW Micro HybMidsize Gasoline —
|_‘ HEV Micro Hyb Midsizs Gasoline | wehlwpa'gen\plant |ﬂ Initialization gen_plant_id 2 2
|_] HEW Micro Hyb Midsize Gasoline | vehiwpa'essiplant |ﬂ Initialization ess_plant_pb_66 | ess_plant_li_6_7 | ess_plant_li_6_7 |ess_plant_li_6_7 |ess_plant_li_6_7 |ess_plant_li_6_7 |ess_ple
] HEVMicroHyoMidsize Gasaline | vehiwpalaccelec\plant 1] Initialization accelec_plant_20 | accelec_plant_20 | accelec_plant_20 | accelec_plant_20 | accelec_plant_20 | accelec_plant_20 | accelec
E||_] Ss:gagig:lsas\l?osﬁrﬂns Midsize A vehiwpcibrake [ Initialization vpc_brake_init_m | vpc_brake_init_m | vpc_brake_init_m | wpc_brake_init_m | vpc_brake_init_m | vpc_bni
“+[]] HEV Parallel Post Trans Midsize --| wehlwpa'cplictrl [0 Initialization cpl_ctrl_au_earlyl | cpl_ctrl_dual_clut | epl_ctrl_au_earlyl | cpl_ctrl_dual_clut | cpl_ctrl_au_init cpl_ctrl
B[ PowerSplit --| weh'wpa'cpl\plant |ﬂ itializati cpl_plant_torgeon | cpl_plant_dual_cl | cpl_plant_torgeon | cpl_plant_dual_cl | cpl_plant_torgcon | cpl_pla
|_‘ HEV Power Split 2x2wd Midsize -| wehlwpaimotiplant |ﬂ Initizlization mot_plant_pm_55 | mot_plant_pm_55 | mot_plant_pm_55 | met_plant_pm_55 | mot_plant_pm_55 | mot_plz
-] HEW Power Split Midsize Dissel —
|_‘ HEW Power Split Midsize Fixed Ra | wehlwpa'metictrlitrs m Initialization maot_ctrl_trs_par_ | mot_ctrl_trs_par_ | mot_ctrl_trs_par_ | mot_ctri_trs_par_ mot_ctr
IJI_‘ HEV Power Split Midsize Gasoline | wehlvpalpciplant |1 Initialization pc_plant 035_12 | pc_plant_095_12 | pc_plant_095 12 | pc_plant_095_12 | pc_plant_095 12 | pc_plar
=] Pre-Transmission P - - - - -
| vehlwpa'engctrlitrs 1] Initializati eng_ctrl_trs_au_i | eng_ctrl_trs_dct_i | eng_ctrl_trs_au_i | eng_ctrl_trs_dct_i | eng_ctrl_trs_ct_in | eng_ctr
~[] HEV Paralle Pre Trans Misize Au et 0 Inializztion
|_‘ HEV Parallel Pre Trans 2 Clutche | wehwpa'striplant |ﬂ Initialization
Series Engine | wehwpaipcZictrl m Initizlization
|_] HEV Series Midsize Gasoline T
vehlwpa'pcZiplant 1] Initiglization
|_] HEV Series Midsize Gasaline 2 Sp = IJ —
£ [ Series Fuel Cell -| vehlwpa'motZ\plant 1] Initiglization
SOt o PP = = p—
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Technical Accomplishments

Quantifying the Energy Impact of Smart Mobility using POLARIS
Fully Integrated

Smart Mobility Workflow

[ Smart Mobility
n a2
Please select the folder location for the Cycle Files: Use a directory of time based cycles |:| Select All Select Type: ’m Arandomly selected fraction of cycles assigned to each vehicle.
NELE Vehicle Fraction
ronseforflefelees | - ‘ Search |ne\.r ||;| Compact Gasoline Automatic Trans
Cycles Files Description =] Heavy Duty | | Midsize SUV Gasoline Automatic Trans 0.2
Seareh ‘m B classs Small SUV Gasoline Automatic Trans 02
= 0 -] Series Engine _ Pickup Gasoline Automatic Trans 02
~0_10b_rev2.mat -] HEV Series Class6 2wd Hydr - -
b HEV Crank ISG Midsize Gasoline 6 Speed Auto Trans 0.2
~10_26a1_rev2.mat =[] LightDuty
10_2582_rev2.mat =[] Hybrid ElectricVehide
-10_28b_rev2.mat -] Post-Transmission
10_251:_rev2 mat ++|] HEVParallel Post Trans Midsize Auto M
26_36a_rev2.mat (] HEVParalel Post Trans Midsize Gasolin
25_350_rev2.mat =[] Pre-Transmission
~35_rev2 mat ™[} HEVParalle Pre Trans Midsize Auta Tra
ARTB Transient.mat -] HEV Parallel Pre Trans 2 Clutches Mids
- arbl2 mat = Integrated Starter Generator
artmat -] HEV BeltISG Midsize Gasoline 6 Speed
-~ Artemis_extra_urban mat -] HEVBeltISG Midsize Gasoline 8 Speed
Artemisihwy_%at |J HEV Crank ISG Midsize Gasoline 6 Spe
'"Arlemis_urhﬂn mat -] HEV Crank ISG Midsize Gasoline 8 Spe
bus, rteimat |1 HEVBelt ISG Midsize GasolineCVT
"'t:bd_M mat ) HEVCrank ISG Midsize Gasoling CVT
chd_truck.mat |_] HEVBelt ISG Midsize Gasaline 8 Speed
cilc;_ma( -] HEVBeltISG Midsize Gasoline 8 Speed
cin_hyzauto.mat [ ] HEV Crank ISG Midsize Gasoline & Spe
in | |} HEV Crank ISG Midsize Gasoline 8 Spe
cin_hyzrout.mat
PR hd < >
3) a | 4
Results Path: |C\autonomie\autonomie-PChprojectshdefaultiresults | . ‘ Select the Type of Simulation: | Run Using Cluster ~ Run th on a cluster using Wathworks Distributed Computing

N Wal Unit D ipt
Mame Unit Description ame alue n escription

17 Argonne &
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Technical Accomplishments

Developers are also Provided Only the Information they Need

Through Fast, Streamlined Vehicle Editor
E/Create a New Vehicle Workflow

File View

Wehicle Editor 3¢

1) EditVehide

Load Vehicle From File Save Vehicle To File ~ | Eval Build

[VehicleTree el
Vehicles

Search: |;|

-
- 1-Vehicle References
|1 Heavy Duty
=[] LightDuty
i B[] Class
] Midsize SUV Gaso
[} Pickup Gasoline &
] Small SUV Gasolin
[ Medium Duty
2-VehicleVariation Examples
4-Additional Vehicle Examples
5-ComponentOnly Examples
&-Volpe Vehicle Examples
Chautonomietautonomie-PCpraoje
Component Only

System Config

plant
ehicle Propulsion Controller

Wehicle Propulsion Architecture
=%

E| Starter
. Controller
i.: Plant

Mechanical Accezsory
“.: Plant

= Clutch/Targue Converter

Controller
Plant

= Gearbox

Plant
= Controller

demand block
i transient block

=) Energy Storage
Caontroller
Plant

- Generator

E} Controller

demand block
constraint block

transient block
command block

. Plant

=) Torque Coupling

18
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Initialization

drv_ctrl_time_based_schedule_look_shead | drv_ctrl_look_shead_init

env_plant_earth

str_ctrl_map
str_plant_map

accmech_plant_const_pwr_loss

cpl_ctrl_au
cpl_plant_torgue_converter_map

gb_plant_au_map_trgloss_funT\Wratio

ab_ctrl_dmd_au_eng_veh_spd_sccel_pe_.

gb_ctrl_trs_su_comv

ess_ctrl_generic_map
ezs_plant_generic_map

gen_ctrl_dmd_alternator_map_velt_in
gen_ctrl_cstr_slternator_map_volt_in
gen_ctrl_trs_alternator_map_wvolt_in

gen_ctrl_cmd_alternator_map_velt_in

gen_plant_slternator_map_volt_in

env_plant_common

str_plant_2_10

accmech_plant_0

cpl_ctrl_au_earlylckp_Espd_init
cpl_plant_torgconv_over?50Nm

gb_plant_6_au_415_224_152_114_086 0 gh_plant eff s

gb_ctrl_trs_au_conv_init

e=s_plant_pb_66_6

gen_ctrl_dmd_alternator_map_velt_in_init

gen_plant_id_2_2

Scaling

gb_ctrl_dmd_n_gen_eng_mot_not_includ...

Argonne &
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Response to Previous Year Reviewers’
Comments

» The reviewer specified Autonomie as having been used worldwide by companies
and research organizations and as a true success story of the program.

We don’t seek to replace Autonomie; we are broadening the success of Autonomie
to encompass additional simulation tools and transportation research, which did
not fit into the natural, vehicle-centric workflow of Autonomie

19 Argonne &



Partnerships and Collaborations

= The decision to replace the previous system simulation
framework (Autonomie Plug&Play) was driven by
Autonomie’s user community (>200 institutions), including
Argonne’s System Modeling and Control Group.

* The requirements were developed through interactions with
the user community

= Numerous meetings have occurred with companies (e.g.,
Ford, GM...) to make sure that the tool structure was
consistent with the requirements

= Specific workflows have been identified to test the
capabilities of AMBER before its release

20 Argonne &



Remaining Challenges and Barriers

* Develop new processes that are computationally efficient
(leverage HPC), cost effective and minimize licensing
requirements

= Facilitate integration of new interfaces and tools: many
aspects of the graphical user interface will be open

= Continue to provide sufficient flexibility for users

21 Argonne &




Proposed Future Research

» Deploy AMBER in FY17 Q4

» Add new use cases to support current and future VTO technologies with
focus on Smart Mobility and very large scale simulations

= Define priority list with inputs from users (DOE and Industry), including

1. Launch Polaris (executable) from AMBER workflow

2. Initialize specific vehicles (i.e., Ford Focus MY 15) using Argonne’s
new vehicle technology database

3. Implement Road Runner (multi-vehicles with their environment)
workflow

4. Integrate a Large Scale Study Workflow for VTO benefit analysis
including HPC and powertrain sizing

5. Automated vehicle model development and validation from vehicle
test data

Any proposed future work is subject to change based on funding levels

22 Argonne &



Summary

We Can Now Deploy Processes That Were Impossible to Implement
Before

= Developed a new software that enable DOE and OEMs to integrate
multiple tools into Model Based Engineering Workflows to accelerate
technology development and market introduction

= All the vehicle models remain unchanged to ensure backward
compatibility (Autonomie application)

= Most of the processes previously integrated in Autonomie Plug&Play have
been migrated to AMBER (i.e., single vehicle workflow)

= Several existing processes have been integrated into AMBER (New —
Never before done with Autonomie Plug&Play) including large scale
simulations (thousands of vehicles) and Smart Mobility
(POLARIS/SV Trip/Autonomie)

= First public release planned for FY17 Q4

» Future workflow development will focus on new needs from DOE VTO
(l.e., Smart Mobility, Machine Learning...) and our user community
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TECHNICAL BACK-UP SLIDES
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Differences Between Autonomie Plug&Play
and AMBER

= Maintaining compatibility between 1.0 and 2.0
— Vehicles files, the same .a_vehicle file and xml
— Model files, the same .a_model file and xml
— System .m files, the same .a_init, .a_preproc, .a_postproc, .a_scale and xml|
is used
— Configurations, the same .a_config and .a_layout are used,
* however there are plans to add an option dropping the .a_layout but retaining the .a_config.
Replacing the .a_layout would be a .slx or .mdl.
» Processes are different
— .a_process file xml is different
— .a_run file xml is different
— Files are assembled through references

= The matlab API is different
— Units conversion_calc()
— Reporting interface to add values to the html report will change
— Matlab function calls: such as run_simulation which runs any .a_run files in
the current user folder will be replaced with pxf_run_process(‘name.a_run’)
— Looking at adding a compatibility layer of functions to expose functionality in

a equivalent format.
Argonne &




